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Introduction

Research was conducted in five main areas: 1.) energetic materials based on the spiro[4.4]nonane
system, 2.) completion of our work on the 4,4"-(Methylenediimino)bis-1,2,5-Oxadiazole-3-
carboxylic Acid and Carboxamide, 3.) a re-examination of the reaction of glyoxal with 3,4-
diamino[1,2,5]oxadiazole, 4.) Synthesis and chemistry of 3-hydroxymethyl-4-
amino[1,2,5]oxadiazole and 5.) work on energetic polymers for structural components.

1.) Energetic materials based on the spiro[4.4]nonane system
The attached papers summarize the work accomplished during the reporting period.

1. Rodney L. Willer, Robson F. Storey and Garrett Campbell, Synthesis of Cyclic N-
Nitrourethanes by the Simultaneous Oxidative Desulfurization and Nitration of Cyclic
Thiourethanes, Journal of Heterocyclic Chemistry, 00, 00 (2011).

2. Rodney L. Willer, Christopher G. Campbell, Robson F. Storey, Jeffery Deschamps,
Damon Parrish, Calculations on, Synthesis of and Crystal Structures of d,/ and /-3,8-
dinitro-1,6-dioxa-3,8-diazaspiro[4.4]nonane-2,7-dione, in preparation

2.) 4,4’-(Methylenediimino)bis-1,2,5-Oxadiazole-3-carboxylic Acid and Carboxamide

The attached paper summarizes the work accomplished during the reporting period.

1. Rodney L. Willer, Robson F. Storey, Jeffery Deschamps and Mark Frisch, Synthesis and
Crystal Structure of 4,4"-(Methylenediimino)bis-1,2,5-Oxadiazole-3-carboxylic Acid and
Carboxamide, accepted for publication in the Journal of Heterocyclic Chemistry.

3.) A Re-examination of the reaction of Glyoxal and 3,4-Diamino[1,2,5]oxadiazole
The attached paper summarizes most of the the work accomplished during the reporting period.

1. Rodney L. Willer, Robson F. Storey, Christopher G. Campbell, Steven W. Bunte and
Damon Parrish, A Reexamination of the Reaction of 3,4-Diamino[1,2,5]oxadiazole with
Glyoxal, accepted for publication in the Journal of Heterocyclic Chemistry.

4.) Synthesis and chemistry of 3-hydroxymethyl-4-amino[1,2,5]oxadiazole
The attached paper summarizes on work on the synthesis and chemistry of 3-hydroxymethyl-4-
amino[ 1,2,5]oxadiazole.

1. Synthesis and Crystal Structure of octahydro-SH,12H-4,11-methano-1H,7H-
bis[1,2,5]oxadiazole-[3,4-d:3",4"-j][1,7,3,9]dioxadiazacyclododecine, R. L. Willer, R. F.
Storey, W. L. Jarrett and D. Parrish, J. Hetero. Chem, accepted for publication in the
Journal of Heterocyclic Chemistry.

5.) Energetic Structural Polymers

All of the work during the project has focused on the poly (4-aminofurazan-3-carboxylic acid). A
sample of 4-aminofurazan-3-carboxylic acid (AFCA) was synthesized using the procedure
reported by K. G. Meyer.! Unfortunately, the 3C NMR chemical shifts of the material we
produced and those reported by Meyer did not agree. He had reported chemical shifts of 161.3,
157.1 and 143.3 ppm. The compound we isolated following his procedure gave chemical shifts
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of 160.7, 156.8 and 140.5 ppm. Most of the other spectral properties were in agreement and this
discrepancy was puzzling. It was thought that we may have isolated the dioxime instead of the
furazan. However, retreatment of the compound with base under even harsher conditions than
described in his paper returned the same compound we had originally iisolated. This
disagreement continued until we checked the'’C NMR chemical shifts for the compound
reported by Shermetev et. al.> They reported *C NMR chemical shifts of 160.5, 156.8 and 140.4
ppm. This gave us confidence that the compound we had isolated was indeed 4-aminofurazan-3-
carboxylic acid. It is now apparent that the compound Meyer isolated is the interesting complex
formed from a molecule of the acid and a molecule of the potassium salt of the acid. This work
has now been published in the attached paper.

1. Rodney L. Willer, Robson F. Storey, Mark Frisch and Jeffery R. Deschamps, Crystal
Structures of the “Two” 4-Aminofurazan-3-Carboxylic Acids, Journal of Heterocyclic
Chemistry, 00, 00 (2011).

We next turned our attention to the synthesis of an ester from this material since some of
the proposed approaches to the polymer required an ester. There are procedures in the literature
for both the methylzand ethyl3 ester. However, they both use anhydrous HCI as the catalyst and
the reactions times are long and yields are modest. We have developed a vastly improved
procedure for synthesis of the n-propyl ester that gives essentially quantitative yield and uses
concentrated sulfuric acid as the catalyst instead of hydrochloric acid (Figure 1). The n-propyl
ester is also lower melting and more soluble in common organic solvents such as THF as
compared to the methyl or ethyl ester.

0 0
N
HO | HSOs cHycH,CH,0 s
/O + CH3CH2CH20H — 8]
H,N N H,N N

Figure 1. Synthesis of n-propyl 4-aminofurazan-3-carboxylate.

We next turned our attention to the synthesis of the amide. Again, the literature procedure
is complicated calling for the use of anhydrous ammonia in an alcohol solvent.} ' We found that
simply treating the n-propyl ester with an excess of aqueous ammonia at slightly above room
temperature gave an essentially quantitative yield of the amide (Figure 2).

" 0
N
CH3CH,CH,0 N, N0 B ‘0
O e N/
/
- H,N
100%

Figure 2. Synthesis of 4-aminofurazan-3-carboxamide.
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With these materials in hand, attention turned to the polymerization. A careful perusal of
the literature showed that the closest known polymer was poly(anthranilic acid). There is only
one report in the literature on the synthesis of this material. In the late 1940’s Japanese workers
reported that the polymer had been made by the “Leuchs Polymerization” (Figure 3)* We were
disappointed to find that the “polymer” described in the abstract was actually only a tetramer.

0 0]
0
Base (9 -C
OH + COCl, ——> O\)l 2 Y
NH2 ITI & ITJ
H H /n
isotoic anhydride poly(anthranilic acid)

Figure 3. Literature synthesis of poly(anthranilic acid).

We would like to avoid the use of phosgene to make the intermediate. A recent Russian
paper claims that anthranilic acid can be reacted with the less hazardous methyl chloroformate to
also produce the intermediate, isatoic anhydride.” We have tried one experiment and found much
to our surprise that we isolated the methyl ester, methyl 4-aminofurazan-3-carboxylate (Figure
4).

N O *’ i

HO . I »
0+ CcH;oCCI (]
H,NT N T 0
H;CO i
o
H,N N

Figure 4. Reaction of methyl chloroformate with AFCA.

Additional methods of forming the polymer were considered. One method considered
was the self condensation of the ester under neutral, acidic, or basic conditions. The initial
experiment under neutral conditions has been conducted (Figure 5). Heating the neat ester at 110
°C for several hours produced no discernable reaction.
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- 110°C i
N 2 .
\
N= .~ OCH,CH;CH; VY
I \O/
O n

Figure S. Attempted polymerization of n-propyl 4-aminofurazan-3-carboxylate.

We next turned our attention to basic conditions. Potassium hydride is a strong, non-
nucleophilic base that should be able to extract the amine proton from the n-propy! 4-
aminofurazan-3-carboxylate. An excellent reference describing the reaction of methyl
anthranilate with sodium hydride was located (Figure 6). These investigators found that this
reaction produced the interesting dibenzodiazocine in 85% yield.®

O
2 eq. NaH, THF O

Lol

OCHj; NH

NH, 0

85%

Figure 6. Reaction of methyl anthranilate with sodium hydride.

We chose to examine the reaction of n-propyl 4-aminofurazan-3-carboxylate with the
more reactive KH. The first reaction was run using one equivalent of KH. The n-propyl 4-
aminofurazan-3-carboxylate was added over a ten minute period to the KH/THF slurry at room
temperature. The evolution of hydrogen was slow at first but increased to a noticeable rate
accompanied by a slight but noticeable increase in the temperature. After the hydrogen evolution
slowed, the temperature was raised to 50 °C for three hours. A very insoluble product was
obtained that appeared by C-13 CP/MAS spectrum to be a “dimer” because it contained both
furazan resonances and propyl resonances (Figure 7). The reaction was repeated using two
equivalents of KH. An even more insoluble product was obtained. Figure 8 and 9 show the C-13
and N-15 CP/MAS spectra of the product. An additional piece of evidence is that the yield is
essentially 100% of theory. Recently an additional experiment was conducted where the ester
was added very slowly to the slurry of KH/THF at 50 °C. There is some evidence that this
procedure produces some of the difurazanodiazocine.
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i
HN C
N, N 7
NH / L
MN L KH/THF 0
= OCH,CH,CH 4
N P 20 CH; 0
ﬁ \ N/ \N
0
0
NH
HN)_\(Q
0
N\O/N

Figure 7. Reaction of n-propyl 4-aminofurazan-3-carboxylate with one equivalent of KH.

139 7
15¢ 6850
147 623

Figure 8. C-13 CPMAS spectrum of poly(4-aminofurazan-3-carboxylic acid).
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~244 864

~211.096

-341.04
~283 A34

[ 1) 48 (%

Figure 9. N-15 CPMAS spectrum of poly(4-aminofurazan-3-carboxylic acid) .

Last year we have scaled up the synthesis and produced 6 g of polymer. As a structure
proof for the polymer, we subjected it to both acidic and basic hydrolysis (Figure 10). In both
cases nearly quantitative yields of the parent acid were isolated. Characterization of the polymer
has proven to be difficult.

.6 o 0
N N N/ \N
== O--H 0--H
N == N N—\ N Sids
QH O--H O--H
o N_ _N N N
0 O \O/
conc. HCI 1. 10% NaOH, 100°C, 16 hrs.
reflux, 74 hrs. 2.37% HCI
H,N CO,H HoN CO,H
N\ /N N\ /N
0) 0)

Figure 10. Acid and base catalyzed hydrolysis of Poly(AFCA).

This year we were able to devise a method to partially separate the product into two compounds.
The crude product ids dissolved in boiling water (1g/100 ml) give a solution that contains a small
amount of un-dissolved material. Filtering the solution through a fiber-glass filter produces a
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clear solution that when allowed to slowly cool produces “clouds”. This material can be filtered
off. This is clearly polymer. The mother liquor can be freeze dried to yield a somewhat
crystalline product. Elemental analysis of the two products produced results that differed
significantly from the theory for a (C3HN30,); or (C3HN303), product. The results were similar
to what we observed with one of the two 4-amino[1,2,5]oxadiazole-3-carboxylic acids and
suggested that we might actually be dealing with potassium salts. Recalculation of the elemental
analyses for (C3KN30,); or (C3KN30,), indicated that indeed what we have isolated are the
potassium salts. We are currently working on procedures to convert the potassium salts to the
proton compounds

This work is currently being drafted into a paper entitled Reaction of n-Propyl 4-
amino[ 1,2,5]oxadiazole-3-carboxylate with KH.
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Patents, Publications and Presentations

Patents

1.

Rodney L. Willer and Robson F. Storey, Poly(4-aminofurazan-3-carboxylic acid), in

preparation

Publications

1.

. Rodney L. Willer, Calculation of the Density and Detonation Properties of C, H, N, O

and F Compounds: Use in the Design and Synthesis of New Energetic Materials, J. Mex.
Chem. Soc. 2009, 53¢3), 107-118.

Rodney L. Willer, William L. Jarrett, Robson F. Storey and Damon Parrish, Synthesis
and Crystal Structure of octahydro-SH,12H-4,11-Methano-1H,7H-
bis[1,2,5]oxadiazolo[3,4-d:3°,4’+j][1,7,3,9]dioxadiazacyclododecine, accepted for
publication in the Journal of Heterocyclic Chemistry.

Rodney L. Willer, Robson F. Storey, Mark Frisch and Jeffery R. Deschamps, Crystal
Structures of the “Two” 4-Aminofurazan-3-Carboxylic Acids, Journal of Heterocyclic
Chemistry, 00, 00 (2011).

Rodney L. Willer, Robson F. Storey, Jeffery Deschamps and Mark Frisch, Synthesis and
Crystal Structure of 4,4"-(Methylenediimino)bis-1,2,5-Oxadiazole-3-carboxylic Acid and
Carboxamide, accepted for publication in the Journal of Heterocyclic Chemistry.

Rodney L. Willer, Robson F. Storey and Garrett Campbell, Synthesis of Cyclic N-
Nitrourethanes by the Simultaneous Oxidative Desulfurization and Nitration of Cyclic
Thiourethanes, Journal of Heterocyclic Chemistry, 00, 00 (2011).

Rodney L. Willer, Robson F. Storey, Jeffery Deschamps, Damon Parrish, Calculations
on, Synthesis of and Crystal Structures of d,/ and /-3,8-dinitro-1,6-dioxa-3,8-
diazaspiro[4.4]nonane-2,7-dione, in preparation

Rodney L. Willer and Robson F. Storey, Synthesis of Pure N,N,N’- tripropargyl- and N,
N, N’, N’- tetrapropargyl-4,4’-diaminodiphenylsulfone, submitted.

Rodney L. Willer, Robson F. Storey, Christopher G. Campbell, Steven W. Bunte and
Damon Parrish, A Reexamination of the Reaction of 3,4-Diamino[1,2,5]oxadiazole with
Glyoxal, accepted for publication in the Journal of Heterocyclic Chemistry.

Rodney L. Willer, William L. Jarrett, and Robson F. Storey, Reaction of n-Propyl 4-
amino[1,2,5]oxadiazole-3-carboxylate with KH, in preparation.

. M. B. Jackson, R. L. Willer, R. F. Storey, J. S. Wiggins, Simulation Method to Predict

the Glass Transition Temperature and Density of the Energetic Polymers Poly(glycidyl
nitrate) (PGN) and Poly(3-nitratooxetane) (PNO) and Copolymers Therefrom, in
preparation.

E. Gorman, R. L. Willer, L. K. Kemp and R. F. Storey, Development of a Triazole Cured
Resin System for Composites 1. Evaluation of Alkyne Curatives, in preparation.
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12. LE. Gorman, R.L Willer, R.F. Storey, Kinetic and Structural Investigation of a Novel
Resin System that Cures by Triazole Ring Formation , J. Polym. Sci., Part A: Polym.
Sci., in revision.

Presentations

I. Rodney L. Willer, Christopher G. Campbell and Robson F. Storey, Simultaneous
Oxidative Desulfurization and Nitration of Cyclic Thiourethanes: A Facile Synthesis of
Cyglic N-Nitrourethanes, 13™ NTREM (2010), Pardubice, Czech Republic, April 21°-
23, 2010.
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2 NO,
_N'>‘|= CH3CONO;, —N’
S O + NO
4 > x

The reaction of five- and six-membered cyclic lhiourethanes wilh acelyl nitrale resulls in a vigorous
reaction that generatcs copious amounts of red-brown nilrogen oxide fumes and produccs the corre-
sponding cyclic N-nitrourethanes in high yields (>95%). The overall yield of the cyclic N-nitrour-
ethanes starting from an aminoalcohol using the “thiourethane’ route is superior to the conventional

roulc going through thc cyclic urethanc.

J. Heterocyclic Chem., 00, 00 (2011).

INTRODUCTION

Cyclic N-nitrourethanes (N-nitrocarbamates) are well
known compounds. First reported by Franchimont and
Lubin in 1902 [1], they were originally synthesized by
the nitration of the corresponding cyclic urethanes with
tuming nitric acid. These compounds were extensively
studicd by White et al. [2] in the mid-1960s, and they
introduced the use of acetyl nitrate as the nitrating agent
[2]. Modem syntheses of cyclic N-nitrourethanes involve
reaction of the trimethylsilyl derivatives of the cyclic
urcthanes with dinitrogen pentoxide in methylene chlo-
ride [3]. In the course of our work on energetic com-
pounds, we selected 3,8-dinitro-1,6-dioxa-3,8-diazaspir-
o[4.4]nonane-2,7-dione, 1, as a target molecule, because
it is calculated to be dense (d = 1.88 g/cc) and energetic
[4). Herein we report a new synthetic approach to 1 and
related compounds involving simultaneous oxidative
desulfurization and nitration of cyclic thiourethanes
using acetyl nitrate.

o,
Ox N
e i
(o]
Vo
NO,
1

RESULTS AND DISCUSSION

The standard approach to 1 would be nitration of the
known  1,6-dioxa-3,8-diazaspiro-[4.4]nonane-2,7-dionc
[5], 2b. with acetyl nitrate. Compound 2b has been syn-

thesized from the analogous spirodithiourethane, 2a, using
basic hydrogen peroxide desulturization [5] (Scheme 1).
The yield for the conversion of 2a to 2b is very poor
(44%) and the procedure is somewhat lengthy (S].

There is limited litcraturc precedence describing the
nitration chemistry of cyclic thiourethanes. Thus, we
examined the reaction of 2a with an acetyl nitrate solu-
tion at —10°C as a possible alternative. Surprisingly, a
vigorous reaction occurred with the evolution of copious
amounts of nitrogen oxides. Upon work-up, the product was
identified as the desired spirodinitrourcthane, 1, based on H
NMR, *C NMR, FT-IR, and high resalution mass spectros-
copy data (Fig. 1). The structure was confirmed by X-ray
crystallography [6]. The yield of 1 was greater than 95%.

We examined the scope of this tandem process by
studying the reaction of the four monocyclic thiour-
ethanes, 3-6 (Scheme 2), with acetyl nitrate. The cyclic
thiourethanes were synthesized using a procedure simi-
lar to that reported by Li and Ohtani [7]. Reaction of
these four compounds with an acetyl nitrate solution
produced high yields (>95%) of the comesponding
cyclic N-nitrourethanes, 7-10. Formation of high yields
of 10 did rcquire a increase of the reaction temperature
to 0°C.

The synthesis of both the monocyclic urethanes and
thiourethanes starts from the corresponding aminoalco-
hols (Scheme 2). Typical yields reported for the synthe-
sis of the five- and six-membered cyclic urethanes from
the aminoalcohol and diethyl carbonate range from 40
to 70% [2]. The yields reported by Li and Othani (and

© 2011 HeteroCorporation



2 R. L. Willer, C. G. Campbell, and R. F. Storey Vol 000

Scheme 1. Synthesis of 2a and 2b. H
s U
s : YN' 0 CHBCONOZ _— Y + NO
Q KSCN. HCl N H70,. NaOH x
HOCH,CCH,0H —————— T f i 202 2 Y f o f:l’gs -10°C /K
NSy H
2a 2b 2a 1

Figure 1. Reaction of 2a with acetyl nitrate.

confirmed by this work) for the corresponding thiour- ) ) _ |
ethanes are in the range of 80-95%. It can be easily equipped with a stir bar [7). The solution is stirred at 0°C,

seen that the “thiourethane™ route to the cyclic N-nitro- ile (omtimec LA e e (1Y, (0, (B XL D Rt oo
The solution is stirred at room temperatufe for 30 min. Hydro-

urethanes appears to be superior to the *‘conventional” gen peroxide (30%, 16-20 mL, 0,15-0.2 jmol) is then added at
urethane route. such a rate that reflux of the solvent was observed and until
the upper solution of the reaction mixture no longer becomes
cloudy by addition of extra hydrogen perpxide. The reaction is
cooled to room temperature and then filtered. The methanol

EXPERIMENTAL and water are removed by reduced pressure. The residue is

extracted with methylene chloride (2 x| 100 mL). The com-

Materials. Reagents and all specialty solvents (anhydrous, bined methylene chloride extracts are washed with water (2 x

NMR) were purchased from Aldrich Chemical Co. and used 50 mL) and then dried over MgSO,. The organic layer is fil-
without further purification. Routine solvents were purchased tered and then evaporated to dryness under reduced pressure.

from Fisher Scientific. 1,3-Oxazolidine-2-thione, 3. The compound was recrystal-

Instrumentation. FT-IR spectra were obtained on a Bruker lized from benzene to give colorless crystals, mp 97-98°C

Equinox 55 spectrometer as KBr pellets or films. High resolu-  (ref. 7. 97-99°C).
tion mass spectroscopy (HR MS) analyses were conducted at 5-Methyl-1,3-oxazolidine-2-thione, 4. The compound was

The University of lowa HRMSF. '"H NMR and '’)C NMR recrystallized from benzene to give colofless crystals, mp 73—
spectra were obtained using a Varian Mercury NMR spectrom-  74°C (ref. 7: 74.5-75°C).

eter operating at a frequency of 300.13 MHz for proton and 4-Ethyl-1,3-0xazolidine-2-thione, 5. The compound was
75.5 MHz for carbon. DSCs were obtained on a TA Instru- recrystallized from water to give colorless crystals, mp 74—
ments Model Q200 using hermetically sealed Al pans under a  75°C (ref. 8; 74-75°C).

nitrogen purge. They were run from ambient to 300°C at 3°C/ Tetrahydro-1,3-oxazine-2-thioue, 6. The compound was
min. recrystallized from benzene to give colorless crystals, mp 127-

1,6-Dioxa-3,8-diazaspiro{4.4]nunane-2,7-dithione, 2a. This 128°C (ref. 7, 128-129°C).

compound was made by the procedure of Koll and coworkers General procedure for the reaction of cyclic thiour-
[5]). The melting point (mp) was 205-206°C (ref. 5; 206°C). ethanes with acetyl nitrate. A dry 50-mL round-bottom flask

General procedure for 2-thioxo-1,3-0O,N-heterocycles, 36 maintained at —10°C (brinc/ice bath) and under a nitrogen
(cyclic thiourethanes). Modified Li and Ohtani procedurc atmosphere is charged with 4.08 g (4.0 mL) of acetic anhy-
{7). The 2-aminoalcohol (0.1 mol), triecthylamine (0.1 mol),  dride. Slow addition of 2.52 g (1.60 mL) of 100% nitric acid
and methanol (100 mL) are placed in a two-neck 250-mL flask forms the acetyl nitrate solution. The temperature is raised to

Scheme 2. Synthesis of cyclic N-nitrourethanes via the urethane and 1hiourethane routes.

R, H
>—N
E10),CO. Na (CHy) -0
(E10),CO. 2)n >—

~._ HNO
P 0 ~ 3
R}_NH y s R?_ \-.\\\ Ry N'N02
(CHa)n 2 e (CHy) )=o
aH 1.CS;, N(EY); 20 d
Rz \“\\\ . W R
~ 1 P -
2. HQOg * )_N ’,//
(), >:S " AcONO,
R; 7 R.Ry=H,n=0

8 R],R2=CH3 n=
9 R| Et, Rz— .n
10R,,R;=H.n=1

0
=0
3R1.R2=H,n=0

4R|.R2=CH3.H=0

SR)=EL,R;=H.n=0

6Ry, Ry=H,n=1
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Synthesis of Cyclic N-Nitrourethanes by the Simultaneous Oxidative Desulfurization 3

and Nitration of Cyclic Thiourethanes

10°C for 10 min and then lowered back to —10°C. The cyclic
thiourethane (5.0 mmol) is added in two portions, resulling in
the immediale generation of a red/brown gas. The reaction is
stirred for 1 h and allowed to come 10 0°C. The volatiles are
removed under high vacuum at room temperature. The crude
product is washed with cold disiilled water, collected. and
dried. The crude products were dissolved in a minimum
amount of acetone, fillered, and the acelone allowed 10 evapo-
rate overnight to give the crystalline product.

In the cases of the liquid compounds (8 and 9), the crude
compounds were 1aken up in 20 mL of ethyl acetate and
washcd with saturaled sodium bicarbonate solution until neu-
tral. The ethyl acetate solution was dried over MgSQO;, filtered,
and the solvent removed to give the compounds.

3,8-Dinitro-1,6-dioxa-3,8-diazaspiro[4.4]nonane-2,7-dione,
1. Caution: This compound calculates 10 be a moderate explo-
sive [4] and should be handled with due caution until adequate
safety data are available! DSC: Strong exothermic decomposi-
tion a1 187°C.

'"H NMR(acelone-dy): 8 = 4.92(d, J = —11.1 Hz, 1H),
529, J = —11.1Hz, 1H) ppm. "*C NMR(acetone -dg): & =
67.27(Csp), 76.37(Cs), 145.16(C27) ppm. FT-IR(KBr) =
3048(w), 2986(w), 2915(w), 1836(vs), 1816(vs), 1598(vs),
1471(m), 1407(m), 1392(m), 1319(s), 1277(s), 1245(s),
1200(s), 1184(s), 1164(s). 1130(s), 1118(s), 1097(s), 1067(s),
1054(s), 976(m), 850(m), 828(m), 786(m), 753(m), 729(s).
707(m). 634(m) cm~'. HR MS (El); CsH,N,O¢ [M]*: calcd.
248.0029; found 248.0034 amu.

3-Nitro-1,3-oxazolidine-2-one, 7. The compound was re-
crystallized from acetone to give colorless crystals, mp 110-
111°C (ref. 1; 111°C).

3-Nitro-5-methyl-1,3-oxazolidine-2-one, 8. This compound
is a liquid.

'"H NMR(CD;CN): 8 = 1.42(d, J = 7.0 Hz, 3H, —CH,),
3.95(t, J = 7.0 Nz, 14, H,), 4.40(t, J = 7.0 Hz, 1H, H,), 4.78
(hex, J = 7.0 Hz, 1H, Hs) ppm. '*C NMR(CD,CN): § =
19.37(CH;), 51.82(C4), 70.43(Cs), 148.30(C,) ppm. FT-
IR(film) = 2990(w), 2940(w), 1809 (vs). 1573(vs), 1479(m),

Journal of Hetcrocyclic Chemistry

1456(m), 1392(m), 1357(sh), 1337(sh), 1285(s), 1171(s),
1056(s), 955(m), 880(m), 827(m). 727(sh), 742(m) cm~'. HR
MS (El) ; C4HgN.Oy: caled. 146.0328; found 146.0324 amu.

3-Nitro-4-ethyl-1,3-oxazolidine-2-one, 9. This compound is
a liquid.

'"H NMR(CD;CN): & = 0.95(t. J = 7.5 Hz, 3H, —CH.),
1.85(p, / = 7.5 Hz, 2H, —CH,) 4.14(dxd, / = 9.0 1z, J = 7.5
Hz, 1H. Hy), 4.52(t, J = 9.0 Hz, IH, H), 4.69(m, IH, H))

ppm.'’C  NMR(CD;CN)): & = 7.67(CH,), 24.08(CH.),
57.96(Cy), 66.07(Cs). 149.01(C.) ppm. FT-IR(lm) =
2976(w), 2884(w), 1817(vs). 1577(s), 1285(s), 1262(sh),

1163(s), 1120(sh), 1057(w), 1015(w), 832(m), 760(w), 738(w),
740(sh) cm™'. HR MS (El); CsHgN-Q,: caled. 160.0484;
found 160.0478 amu.

3-Nitro-tetrahydro-1,3-oxazine-2-one, | 10. The compound
was recrystallized from methanol 10 give colorless crystals, mp
75-76°C (ref. 1; 75°C).
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Abstract: Spiro-cyclic compounds are interesting because they frequently have screw type
symmetry (C2). The synthesis of the d,/-3,8-dinitro-1,6-dioxa-3,8-diazaspiro[4.4]nonane-2,7-
diones has been previously described. The synthesis of the /-compound was accomplished by
treatment of the previously described /-1,6-dioxa-3,8-diazaspiro[4.4]Jnonane-2,7-dithione with
acetyl nitrate as previously described for the racemate. The racemate crystallizes in space
group P21/n with density of 1.835 Mg/m® (296 K). The / compound crystallizes in space group P
21 21 21 with a density was 1.854 Mg/m® (296 K). This is the first demonstration of a difference

in the density between the racmic and optically active energetic material.

o NOZ NOZ
= o)
YN y, o) Y\N)/\o
O(R !"/&0 5 (S) N ’&o
O:N OzNI

R- and S-3,8-dinitro-1,6-dioxa-3,8-diazaspiro[4.4]nonane-2,7-dione
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Introduction

The “Holy Grail” in the design of new energetic materials is the accurate prediction of the
densities of target compounds. The density is important because detonation properties are
proportional to the density squared. [1] The importance of the prediction of density was
recognized as early as 1967 when O. Exner published a regression analysis of the densities of
known explosives that could predict the densities of unknown molecules. [2] Numerous
additional studies of this type have been published [3} including a recent paper by Kotomin and
Kozlov where the molecules are broken down into three types (aliphatic, cycloaliphatic, and
aromatic) and over 200 different parameters are used.[4] Even this level of parameterization is
incapable of differentiating between the density of a racemic mixture and an optically pure
compound.

Results and Discussion
We recently developed an interesting synthesis of cyclic N-Nitrourethanes by the tandem

nitration-oxidative desulfurization of cyclic thiourethanes using acetyl nitrate(see Scheme 1.).[5]

o . . R1 ,N02
< ﬁ)—NHz 1.CS,, N(Et)s SN REONCE (Cﬁ)_N
: o
n - (CH2)n >=S >2-:O>=
= Vo 2. H0, Vs
2 R2 Rz

Scheme 1. Synthesis of Cyclic N-nitrourethanes from Cyclic Thiourethanes.

One of the interesting compounds we were able to make in high yield using this technique was
the interesting spirocyclic compound, 3,8-Dinitro-1,6-dioxa-3,8-diazaspiro[4.4]nonane-2,7-dione,
1 (see Figure 1.). The starting compound, 1,6-dioxa-3,8-diazaspiro[4.4]nonane-2,7-dithione, 2,
was synthesized using the procedure of Saul, Kern, Kopf, Pintér and Kéll. [6] Both 1 and 2 are
interesting compounds because they possess C2 (screw) symmetry and thus exist as a pair of
enantiomers. That 1 had this unusual type of symmetry was recognized by Kéll et al. [6] and
they were able to resolve 2 into optically pure /- isomer and slightly impure d- compound by

forming a complex with Brucine. The Brucine complex with the /-2 is significantly less soluble
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than the complex with d-2. The less soluble complex is collected and the /-2 is freed by treating
the complex with silica gel. [6] Unfortunately, K&ll et al. were unable to get a X-ray crystal
structure of /-2 and establish it's absolute configuration (R, S) because the compound

decomposed during data collection.[6]

H 0 NO,
S CHACONO Ox_N
on x . on + NO
X
0 ’}1’&8 e 0 ,}l/go
H NO,
dil-2 =9

1. Brucine, ethanol

2. Silica gel, ethanol

i a o Eoz
S ,
W\ & CH3CONO, Ui
O0-/'N ’&3 -10°C o
}-I‘i NO,
/-2 Jed

Figure 1. Synthesis of of d,/- and /-3,8-dinitro-1,6-dioxa-3,8-diazaspiro[4.4]nonane-2,7-
dione

Discussion of structures by J. Deschamps and Damon Parrish

Table 2. Crystal Structures for d./- and /- 3,8-dinitro-1,6-dioxa-3,8-diazaspiro[4.4]Jnonane-2,7-
dione

d,l- I
Compound
(will15) (will16)
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Space Group P2,/n P212121
a(A) 6.8288(19) 6.8491(6)
b (A) 12.047(3) 19.0036(15)
c(A) 10.629(3) 19.8039(16)
a 90° 90°
B 91.697(4)°. 90°
% 90°. 90°
Z 4 16
Volume 874.0(4) A® 2577.6(4)
Density (g/cc) @ -173 °C 1.886 1.918
Density (g/cc) @ 20°C 1.835 1.854
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Figure 2. Crystal Structure of d,I-3,8-dinitro-1,6-dioxa-3,8-diazaspiro[4.4]Jnonane-2,7-dione
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Figure 3. Crystal Structure of /-3,8-dinitro-1,6-dioxa-3,8-diazaspiro[4.4]Jnonane-2,7-dione
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Experimental

Materials. Reagents and all specialty solvents (anhydrous, NMR) were purchased from Aldrich
Chemical Co. and used without further purification. Routine solvents were purchased from
Fisher Scientific.

Synthesis (R Willer)

(d,)-1,6-dioxa-3,8-diazaspiro[4.4]nonane-2,7-dione
(N-1,6-dioxa-3,8-diazaspiro[4.4]nonane-2,7-dione

(N3,8-dinitro-1,6-dioxa-3,8-diazaspiro[4.4]Jnonane-2,7-dione

A nitrating mixture is made up by carefully adding 2.52g (1.60 ml) of 100% nitric acid to 4.08 g
(4.0 ml) of acetic anhydride in a 50 ml round bottom flask maintained at -10°C. After the addition
is complete, the temperature is raised to 10°C for 10 minutes then lower back to-10° C. (-)1,6-
dioxa-3,8-diazaspiro[4.4]nonane-2,7-dithione (0.36g, 1.9 mmol) is added in two portions.
Red/brown fumes are immediately generated. The reaction is stirred for 2 hrs at 0° C. The
volatiles are removed under high vacuum. The crude product is dissolved in a minimum amount
of acetone and the acetone is allowed to evaporate overnight. Nice crystals form. They are
washed twice with cold methanol and then dried under high vacuum. 220 mg of white product.

Crystal Structures of I-1 and d,I-1 (D. Parrish and J. Deschamps)

Single-crystal x-ray diffraction data on compounds I-1 and d,l-1 were collected using MoKa
radiation (. = 0.71073 A) and a Bruker APEX 2 CCD area detector. Crystals were prepared for
data collection coating with high viscosity microscope oil (Paratone-N, Hampton Research).
The oil-coated crystal was placed on a MicroMesh mount (MiTeGen, Ithaca, NY) and
transferred immediately to the cold stream on the diffractometer. A full set of diffraction data
was collected at 100°K and then the temperature raised to 297°K and a partial data set
collected to allow accurate determination of density at room temperature. Corrections were
applied for Lorentz, polarization, and absorption effects. The structures were solved by direct
methods and refined by full-matrix least squares on F? values using the programs found in the

SHELXTL suite [8]. Parameters refined included atomic coordinates and anisotropic thermal
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parameters for all non-hydrogen atoms. Hydrogep atoms on carbons were included using a
riding model [coordinate shifts of C applied to H atoms] with C-H distance set at 0.96 A. Atomic
coordinates for these compounds have been deposited with the Cambridge Crystallographic
Data Centre (deposition numbers XXXXXX and YYYYYY). Copies of the data can be obtained,
free of charge, on application to CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK [fax: +44(0)-
1223-336033 or e-mail: deposit@ccdc.cam.ac.uk.

Compound d,I-1. The 0.56 x 0.36 x 0.18 mm® crystal was monoclininc in space group P 2,/n
with unit cell dimensions a = 6.8288(19) A, b = 12.047(3) A, ¢ = 10.629(3) A, and = 91.697(4)°.
Data were 98.4% complete to 25.42° 0 (approximately 0.83 A) with an average redundancy of

13.16. The asymmetric unit contained a single molecule.

Compound I-1. The 0.281 x 0.054 x 0.036 mm® crystal was orthorhombic in space group P
24242, with unit cell dimensions a = 6.8491(6) A, b = 19.0036(15) A, and ¢ = 19.8939(16) A.
Data were 99.7% complete to 28.46° 8 (approximately 0.75 A) with an average redundancy of

4.00. The asymmetric unit contained a three molecules.
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